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ABSTRACT 

Zinc ferrite, a regenerable mixed-metal oxide, is a leading sorbent for removal o f  
HpS from hot coal-derived gas streams for integrated gasification combined cycle 
(IGCC) applications. The cyclic nature of the desulfurization process and the 
highly exothermic regeneration with air impose severe restrictions on the zinc fer- 
rite process in a fixed-bed reactor. Due to several potential advantages o f  fluid- 
bed operation, a high-temperature high-pressure bench-scale reactor was constructed 
and commissioned for testing in the fluid-bed mode. Zinc ferrite (192 pm mean par- 
ticle diameter) was tested at a superficial velocity to minimum fluidization veloci- 
ty ratio of 3.0. Multicycle testing at 15 atm and 6OO0C with 5000 ppmv H2S in the 
inlet simulated fluid-bed coal gasifier (KRW) gas showed that zinc ferrite consis- 
tently reduced the H2S to under 20 ppmv, in a single-stage fluidized bed at a super- 
ficial residence time of -3 seconds. Prior t o  reaching a bed outlet H2S concentra- 
tion of 100 ppmv, a sulfur pickup of 12 g per 100 g sorbent was achieved. 

INTRODUCTION 

Integrated gasification combined-cycle (IGCC) and coal gasifier/molten carbonate 
fuel cell (MCFC) power systems employing hot-gas cleanup are two of the most promis- 
ing advanced technologies for producing electric power from coal. High-temperature 
desulfurization at conditions that nearly match the pressure and temperature of raw 
coal gasifier gas has the potential to eliminate the requirements for expensive heat 
recovery equipment and efficiency losses associated with coal gas scrubbing (U.S. 
Department of Energy, 1986). High-temperature desulfurization research has focused 
on the development of mixed-metal oxide sorbents for fixed-bed reactor applications 
(Gangwal et al., 1989a, 1989b; Grindley and Steihfeld, 1985; Grindley and Goldsmith, 
1967). 
ferrite sorbent ( a  mixed-metal oxide containing zinc oxide and ferric oxide in equi- 
molar proportions) which is a leading candidate for demonstration under the Depart- 
ment of Energy's Clean Coal Program. 

Fluid-bed reactors offer several potential advantages over fixed-bed reactors for 
high-temperature desulfurization of coal-gas. 
contact via vigorous agitation of small particles and thereby also minimize diffu- 
sional resistances, give faster overall kinetics, and allow pneumatic transport. 
Fluidized beds prevent solids segregation at high temperature, offer the capability 
of continuously adding or removing sorbent, and allow control of highly, exothermic 
sorbent regeneration reactions. It is the need for sorbent regeneration that actu- 
ally imposes restrictions on fixed-bed technology because a true steady-state i s  
hardly reached in the regenerator off-gas concentration. 
withstand a far greater particulate loading in the coal gasifier gas than can fixed- 
beds. 

The objective of  the study,, motivated by the. numerous advantages o f  fluid-beds,, i s  
to develop durable zinc ferrite, sorbent formulations suitable. for fluid-bed applica- 
tion and test them at conditions simulating coal gasifier gases a t  high-temperature 

The primary emphasis of this work has been on the development of a zinc 

They provide excellent gss-solid 

Fluidized-beds can a l s o  
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high-pressure (HTHP) cond i t i ons  representat ive o f  advanced power p lants .  High-pres- 
sure app l i ca t i ons  o f  f l u id -bed  reactors  f o r  desu l fu r i za t i on  based on l ime  and i ron -  
ox ide based sorbents  have been c a r r i e d  ou t  by Curran (1974) and I s s h i k i  e t  a l .  
(1987), respec t i ve l y .  The main inferences o f  s ign i f i cance  based on these papers are 
(1) h igh a t t r i t i o n  res is tance o f  t h e  sorbent w i l l  be required and (2) h igh hydrogen 
su l f i de  removal e f f i c i e n c y  and s tab le  operat ion w i l l  be poss ib le  a t  HTHP condit ions. 
Our i n i t i a l  r e s u l t s  o f  t h i s  on-going study t o  develop durable z i n c  f e r r i t e  sorbents 
are presented i n  t h i s  paper. 

SORBENT PREPARATION 

Zinc f e r r i t e  (ZnFezOq) i s  formed by heat ing t o  temperatures >816"C (15OO0F), an 
approximately equimolar m ix tu re  o f  z inc ox ide (ZnO) and f e r r i c  ox ide (Fe2O3) i n  the  
presence of  a s u i t a b l e  b inde r  such as bentoni te .  
g i v ing  ZnFezOq. A s i g n i f i c a n t  data base e x i s t s  f o r  f ixed-bed formulat ions o f  t h i s  
sorbent. The f ixed-bed sorbents have been manufactured by AMAX (Jha e t  a l .  1988) 
and United Ca ta l ys t ,  inc .  (UCi) as 3 / i 6 - i nch  c y l i n d r i c a l  extrudates and spher ica l  
p e l l e t s .  More recen t l y ,  UCI has manufactured a number o f  z inc f e r r i t e  formulations 
f o r  General E l e c t r i c  (GE) Co. (Ayala e t  a l . ,  1989) by rounding ou t  t h e  c y l i n d r i c a l  
extrudates. The rounding process y i e l d s  1/8- inch t o  3/8-inch e l l i p s o i d a l  p e l l e t s  
which are be l i eved  t o  possess b e t t e r  a t t r i t i o n  res is tance i n  a moving bed because o f  
e l im ina t i on  o f  sharp edges o f  t h e  c y l i n d r i c a l  extrudates. 
manufactured t o  d a t e  i s  app l i cab le  t o  f lu id-beds f o r  which p a r t i c l e  s izes on the 
order  o f  40 t o  500 pm are needed. 

Three methods were chosen t o  prepare f l u id -bed  z inc  f e r r i t e  (1) crushing and screen- 
i n g  o f  durable f ixed-bed and moving-bed sorbents t o  des i red p a r t i c l e  s i z e  d i s t r i b u -  
t i o n ,  (2) spray d ry ing ,  and (3)  impregnating commercial f l u i d i z a b l e  support mater i -  
a l s  such as alumina. The f i r s t  method i s  obvious and g ives h igh f l e x i b i l i t y  i n  the  
choice o f  t he  des i red  p a r t i c l e  s i z e  d i s t r i b u t i o n .  
v iab le  commercial o p t i o n  because o f  t h e  add i t i ona l  cost  associated w i t h  crushing, 
screening, and r e c y c l i n g  f i nes .  
edges which may be subject  t o  h igh  i n i t i a l  ra tes  o f  a t t r i t i o n .  
mind, a mod i f i ca t i on  of t h e  f i r s t  method consis ted o f  f l u i d i z i n g  the crushed z inc 
f e r r i t e  t o  remove t h e  sharp edges and round the  sorbent. 
p a r t i c l e s  such as f l u i d - c r a c k i n g  ca ta l ys ts  (FCC) cons is t i ng  o f  microspheroids are 
genera l ly  prepared by the  second method, spray dry ing.  
no t  a f fo rd  f l e x i b i l i t y  i n  p a r t i c l e  s i z e  which a re  t y p i c a l l y  i n  t h e  20 t o  150 pm 
range w i t h  a mean of about 80 pm. 
involved pore volume impregnat ion 'o f  commercial ly ava i l ab le  f l u i d i z a b l e  aluminas 
w i t h  a s o l u t i o n  o f  z i n c  and i r o n  n i t r a t e s  i n  t h e  requi red chemistry fo l lowed by 
dry ing and c a l c i n a t i o n  a t  t he  des i red temperature. 

A so l i d -s ta te  reac t i on  takes place 

None o f  t h e  sorbents 

However, i t  may n o t  be t he  most 

The p a r t i c u l a t e s  formed may be angular w i t h  sharp 
Keeping t h i s  i n  

Commercially, f l u i d i z a b l e  

This method, however, does 

The t h i r d  method chosen f o r  i n v e s t i g a t i o n  

SORBENT CHARACTERIZATION 

Sorbents were cha rac te r i zed  us ing a v a r i e t y  o f  techniques p r i o r  t o  t e s t i n g  a t  t he  
bench-scale. The most impor tant  sorbent c h a r a c t e r i s t i c s  included s u l f u r  capaci ty  
(defined as grams o f  s u l f u r  adsorbed p e r  100 grams o f  sorbent) ,  regenerab i l i t y  and 
a t t r i t i o n  res is tance.  Other sorbent p roper t i es  o f  importance inc luded mercury pore 
volume d i s t r i b u t i o n ,  BET sur face area, p a r t i c l e  s i z e  d i s t r i b u t i o n ,  weight % o f  ZnO, 
Fe2O3, and b inder ,  b inde r  type, and x-ray d i f f r a c t i o n  (XRD) phase. Sorbent s u l f u r  
capaci ty  and regenerabi 1 i t y  were measured by a. thermogravimetric analyzer (TGA) 
using procedures s i m i l a r  t o  those developed f o r  f ixed-bed sorbents (Gangwal e t  a l . ,  
1989b; Gangwal and Harkins,, 1989). 
measured using an a t t r i t i o n  t e s t e r  s i m i l a r  t o  t h e  one desc,ribed by Anderson and 
P r a t t  (1985). 
ab le (Gangwal and Harkins, 1989). B r i e f l y '  t he  a t t r i t i o n  t e s t  cons is ted of f lowing 

, 5 slpm of N2 f o r  1 hour through 50 cc o f  t he  sorbent i n  a l . 0 l i n c h  diameter quar tz  
tube. 
t he  center.  The N2 emerged a t  very h igh  v e l o c i t y  through the  sorbent near t h e  hole,  

T h e , a t t r i t i o n  res is tance (AR) o f  the sorbent was 

Fu r the r  de ta i l s .  o f  the a t t r i t i o n  t e s t e r  and t es t ,  procedure are a v a i l -  

The sorbent was supported on a p l a t e  N i t h  a s i n g l e  0.4 mm diameter ho le i n  
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thus producing a vigorous shearing effect so that measurable differences in attri- 
tion could be produced between different sorbents in a relatively short time. 
sorbent of any particle size distribution, AR was defined as A~=100(1-B/A), where B 
was the increase in the fines (sizes below the smallest significant particle size) 
following the attrition test and A was the original amount of sorbent excluding the 
original fines. 
lute) measure of the tendency of the sorbent to produce fines during fluidization. 

For a 

The attrition test was designed as a relative (rather than abso- 

BENCH-SCALE UNIT/TEST PROCEDURE 

Theoretical modeling, construction of a high-pressure cold fluid-bed system (cold- 
flow model), and construction of the HTHP bench-scale unit was carried out. 
theoretical modeling and the cold flow model were intended to aid in determining the 
desirable test conditions for the HTHP system. The theoretical modeling followed 
the approach of Cockri 1 1  et al. (1988) and used the bubbl ing-bed model. 
tive of the modeling was to determine the amount of sorbent to be loaded in the 
reactor, given a set of pressure, temperature, sorbent capacity, gas composition, 
and sorbent physical properties, so that breakthrough to a level of 10% of the inlet 
H2S concentration (0.5 volume %) could be achieved in a reasonable time while oper- 
ating in the bubbling-bed regime and avoiding slugging. 

The modeling was carried out using empirical literature correlations. Unfortunate- 
ly, nearly all such correlations have been developed using atmospheric pressure test 
rigs. Thus as a further aid in evaluating fluidization behavior of the sorbents, 
avoiding slugging, and determining desirable test conditions,, a see-through high- 
pressure apparatus (cold-flow model) was, constructed. A commercial porous 1/4-inch 
thick a-alumina ceramic material with 16 pm pores was used as a distributor in this 
apparatus. The pipe was made from clear polycarbonate rated to >50 atm. Both 2- 
inch and 3-inch diameter models were constructed. 
on fluidization was expected to be minimal, the cold-flow model provided tests of 
sorbent fluidization behavior which would be representative of the HTHP reactor. 

An existing fixed-bed sorbent test facility (Gangwal et al., 1989b) was modified for 
fluid-bed operation. A schematic diagram of the facility is shown in Figure 1 and a 
more detailed diagram of the reactor is shown in Figure 2. 
35 atm at 788°C (145OOF) and consisted of both 3-inch and 2-inch diameter sorbent 
cages. The same distributor material as the cold flow model was used. Separate 
lines and internal cyclones were provided for sulfidation and regeneration. The 
system provided high flexibility in the choice of gas composition and test condi- 
tions (flow rate, pressure., ,temperature, sorbent amount). 
could analyze both inlet and outlet gases. 
arrangement provided for analysis of all permanent gases and sulfur gases. 
COS, and SO2 could be analyzed at concentrations down to 0.1 ppmv every 2 to 6 min- 
utes. All parts exposed to hot.gases were Alon processed to prevent corrosion. 
Pressure drop across the bed was measured using a differential pressure gauge. 
typical bench-scale test consisted of loading the desired amount of sorbent and 
bringing the unit up to the desired temperature and pres'sure. The amount of sorbent 
loaded in the .reactor and the superficial velocity used was guided by preliminary 
modeling and p.reliminat-y tests on the cold flow model. 
sition typical' of coal gasifier gas from a KRW (originally. Westi'nghouse and now 
Kellog) fluid-bed gasifier was then passed through the sorbent at superficial' veloc- 
ity (U,) to minimum fluidization velocity (U,f) ratio of .about 3.0. Sulfidation was 
terminated' when the outlet gas H2S concentration reached. around 500 ppmv (which was 
about 10% of the inlet H2S concentrat.ion). Regeneration of the sorbent was then 
carried out with a gas conraining 2% 02 and 98% #2 at maximum temperatures up to 
760°C (lf00"F) and similar Uo/Uif ratio as sulfidation. Previous fixed-bed experi- 
ence with zinc ferrite showed that 760'C was. required to prevent sulfate formation. 
End o f  .regeneration was indicated when SO2 in the off-gas fell below about 200 ppmv. 
The su1fidation:regeneration cycle was then repeated as many times as desired. The 
sorbent was cha.racterized before and after each. test for its particle size distribu- 
tion, and attrition resistance '(AR). 

The 

The objec- 

Since the effect of, temperature 

The system was rated at 

The GC system (not shown) 

The H2S, 

A 

Multiple detectors and valve switching 

Su,lfidation gas 0 f . a  compo- 
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RESULTS AND DISCUSSION 

Sorbent p repara t ion  a c t i v i t i e s  i n i t i a l l y  concentrated on spray-drying fol lowed by 
r o t a r y  c a l c i n a t i o n  a t  temperatures up t o  1750°F. 
p i l o t - s c a l e  t r i a l s  t o  produce a spray d r i e d  z inc  f e r r i t e  comparable i n  a t t r i t i o n  
resistance t o  FCC mater ia l .  Bench-scale t r i a l s  used up t o  20% binder cons is t ing  of 
bentoni te,  A1203 g e l ,  Si02 g e l ,  and TiO2. 'Two formulat ions (L-3392 w i t h  15% b inder  
and L-3393 w i t h  20% binder)  were prepared. The mean p a r t i c l e  s izes  of t h e  L-3392 
and L-3393 sorbents were 102 pm and 88 pm respec t ive ly .  
o f  these sorbents were compared t o  a standard FCC mater ia l .  Both L-3392 and L-3393 
were subjected t o  g rea ter  a t t r i t i o n  (AR 2 70 f o r  L-3392 and L-3393 VS.97 f o r  FCC) 
than FCC and thus were considered unacceptable f o r  f l i i i d - b e d  app l ica t ion .  
o f  these sorbents showed very d e s i r a b l e  capaci ty and r e a c t i v i t y ,  however. 
t o  increase a t t r i t i o n  res is tance,  U C I  increased the  b inder  l e v e l  t o  25% and 50% i n  
p i l o t - s c a l e  t r i a l s .  
f r e e - f l o w i n g  p a r t i c l e s  were formed. The b r i c k s  were crushed and tes ted  f o r  a t t r i -  
t i o n  res is tance.  
longer possessed s u l f u r  capac i ty  as shown by the TGA. 
terminate . t h e i r  e f f o r t  t o  produce f l u i d i z a b l e  z i n c  f e r r i t e  by spray dry ing .  

With the f a i l u r e  o f  spray-drying as a' p o t e n t i a l  technique, a c t i v i t i e s  were i n i t i a t e d  
f o r  sorbent p repara t ion  by impregnation. 
a-alumina powders were chosen f o r  i n i t i a l  preparat ions.  
loaded w i t h  up t o  20 weight z i n c  f e r r i t e .  The procedure consisted o f  impregnating 
z i n c  and i r o n  n i t r a t e s  i n  a l i q u i d  volume equal t o  t h e  pore volume of t h e  alumina. 
This was fo l lowed by dry ing  (120°C) and c a l c i n a t i o n  a t  temperatures f rom 600°C t o  
840°C. Sorbents ca lc ined a t  tempera- 
tu res  up t o  750°C q u i c k l y  s u l f i d e d  t o  t h e i r  maximum capac i ty  and were regenerable 
over 1.5 c y c l e s ,  w i t h  no loss  i n  capac i ty  dur ing the second cyc le .  The sample c a l -  
c ined a t  840OC d i d  n o t  a t t a i n  maximum capac i ty .  Tests were n o t  successful  w i t h  t h e  
7-alumina which showed poor r e a c t i v i t y  presumably due t o  a s t rong chemical i n t e r a c -  
t i o n  o f  the  r e a c t i v e  alumina w i t h  t h e  a c t i v e  ZnO and Fe2O3. 
ance o f  the impregnated a-alumina z i n c  f e r r i t e  was somewhat l e s s  than a z inc  f e r r i t e  
prepared s imp ly  by crushing and screening a z inc  f e r r i t e  prepared as e l l i p s o i d s  f o r  
moving bed a p p l i c a t i o n s  as discussed below. 

Other p o t e n t i a l  methods, i n c l u d i n g  m o d i f i c a t i o n  o f  t h e  impregnation method, a re  
p resent ly  being i n v e s t i g a t e d  f o r  producing a durable z i n c  f e r r i t e  sorbent. 
i n i t i a t e  bench-scale t e s t i n g ,  i t  was decided t o  s e l e c t  one o f  t h e  a v a i l a b l e  moving 
bed sorbents and prepare the des i red  p a r t i c l e  s i z e  sorbent by crushing and screen- 
ing.  
f o r  GE. The low pore volume 
(0.2 cc/g) and high dens i ty  (2.57 g/cc) o f  t h i s  sorbent compared t o  o t h e r  sorbents 
(Ayala e t  a l . ,  1989) made i t  a good candidate f o r  t e s t i n g  i n  t h e  f l u i d - b e d  mode. 
The sorbent was obtained from GE and crushed and screened t o  g i v e  a p a r t i c l e  s i z e  
d i s t r i b u t i o n  from -48 t o  +150 mesh (105 t o  297 pm). 

The r e s u l t s  of  two 10-cycle t e s t s  conducted w i t h  the T-2465M sorbent a re  reported 
herein.  Both t e s t s  were conducted w i thout  a cyclone. Test 1 was conducted using 
the  2- inch diameter sorbent cage w i t h  179 grams o f  t h e  sorbent,  whereas Test 2 was 
conducted w i t h  the same cage b u t  w i t h - t w i c e  as much sorbent.. The nominal condi t ions - 
o f  the  t e s t s  a re  shown i n  Table 2. Umf was ca lcu la ted  using standard c o r r e l a t i o n s  
presented by Kun i i  and Levenspiel (1969). The Uo/Umf r a t i o  o f  -3.0 was guided by 
experiments a t  15 atm i n  the c o l d  f l o w  model which showed a v igorous ly  bubbl ing bed 
a t  Uo/Umf of 2.6 and s l i g h t l y  s lugging bed a t  Uo/Umf o f  3.0. The f i r s t  cyc le  H2S 
breakthrough curves f o r  the  two t e s t s  are presented i n  Figure 3. As can be seen, 
doubl ing t h e  contac t  t ime improves t h e  cleanup e f f i c i e n c y  s i g n i f i c a n t l y .  Estimated 
s u p e r f i c i a l  con tac t  t ime f o r  Test 1 was -1.6 seconds whereas t h a t  f o r  Test 2 was 
-2.9 seconds. The s u p e r f i c i a l  con tac t  t ime i s  c a l c u l a t e d  by d i v i d i n g  t h e  estimated 

U C I  conducted bench-scale and 

The a t t r i t i o n  resistances 

TGA t e s t s  
I n  order 

I n  both cases agglomeration occurred and b r i c k s  r a t h e r  than 

Although these m a t e r i a l s  showed high a t t r i t i o n  res is tance,  they no 
U C I  decided t o  A t  t h i s  p o i n t  

Commercial f l u i d i z a b l e  7-alumina and 
a-alumina was successful ly 

Theesamples were tes ted  f o r  capac i ty  by TGA. 

The a t t r i t i o n  r e s i s t -  

To 

UCI had r e c e n t l y  prepared a 20,000 l b  batch o f  z i n c  f e r r i t e  designated 1-2465M' 
The p r o p e r t i e s  o f  t h i s  sorbent are shown i n  Table 1. 

. 

I 
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expanded bed height (approximately 1.3 times the s t a t i c  bed he igh t )  by t h e  super- 
f i c i a l  v e l o c i t y .  The s t a t i c  bed height i s  estimated from the  p a r t i c l e  dens i ty  of 
2.57 g/cc w i t h  the  assumption o f  40% voids i n  the bed. 
-2.9 second s u p e r f i c i a l  con tac t  t ime i s  s u f f i c i e n t  t o  o b t a i n  h i g h  cleanup e f f i c iency  
i n  a s ing le -s tage f lu id -bed.  

The reason f o r  using 179 g o f  sorbent f o r  the  f i r s t  t e s t  was because t h i s  amount was 
ind ica ted  by modeling, f o l l o w i n g  the  approach o f  C o c k r i l l  e t  a l .  (1988) and us ing  
Kun i i  and Levenspiel 's  bubbl ing bed model. It was ca lcu la ted  t h a t  a breakthrough 
t ime (def ined as the t ime t o  reach an o u t l e t  H2S concentrat ion equal t o  10% o f  t h e  
i n l e t )  o f  about 2 hours w i l l  be required. The actual  breakthrough t ime from Figure 
3, however, was only 0.5 hours. The model c a l c u l a t i o n s  had assumed an i n f i n i t e l y  
f a s t  i n t r i n s i c  r a t e  constant. TGA t e s t s ,  however, suggest t h a t  the  i n t r i n s i c  r a t e  
o f  reac t ion ,  i n  a d d i t i o n  t o  gas and emulsion phase mass t r a n s f e r  r a t e s ,  could repre- 
sent a resistance t o  reac t ion .  Also, product l a y e r  d i f f u s i o n  res is tance through the 
-48 t o  +150 mesh p a r t i c l e s  could be important as shown by the  TGA and could account 
f o r  the  f l a t t e n i n g  o f  the breakthrough curve f o r  Test 1 past 50 minutes. The model 
i s  p resent ly  being r e f i n e a  based on the TGA r e s u l t s .  

The s u l f u r  capaci ty a t  a breakthrough l e v e l  o f  500 ppmv H2S f o r  each o f  the  10 
cycles o f  Test 2 i s  shown i n  Figure 4. The sorbent i s  seen t o  r e t a i n  a s i g n i f i c a n t  
p o r t i o n  o f  i t s  capaci ty over 10 cycles.  The sorbent was subjected t o  p a r t i c l e  s i z e  
d i s t r i b u t i o n  measurement and a t t r i t i o n  t e s t i n g  before and a f t e r  each t e s t .  These 
r e s u l t s ,  shown i n  Table 3, i n d i c a t e  t h a t  f i n e s  cont inue t o  be created over the  10 
cycles f o r  both tes ts .  
appears t o  decrease w i t h  increased bed height.  
p a r t i c l e - p a r t i c l e  i n t e r a c t i o n  i n  a deeper bed. 
f r e s h l y  crushed and screened T-2465M sorbent i s  s i m i l a r  t o  commercial f l u i d i z a b l e  
aluminas, as ind ica ted  e a r l i e r .  The reduc t ion  i n  a t t r i t i o n  res is tance over 10 
cycles i s  bel ieved t o  be due t o  thermal c y c l i n g  and chemical t ransformat ions dur ing  
sul  f i d a t i o n  'and regeneration. 

The r e s u l t s  suggest t h a t  

A t t r i t i o n  resistance o f  the sorbent f o l l o w i n g  t e s t i n g  
The reason f o r  t h i s  may be increased 
The a t t r i t i o n  resistance of the  

CONCLUSIONS 

A z i n c  f e r r i t e  sorbent reduced the  H2S i n  coal  g a s i f i e r  gas t o  less  than 20 ppmv i n  
a s i n g l e  stage f lu id ized-bed a t  HTHP cond i t ions .  
able e l l i p s o i d a l  1/8- inch t o  3/8- inch z inc  f e r r i t e  sorbent (T-2465M) produced a 
reasonable 192 pm f l u i d - b e d  media whose i n i t i a l  a t t r i t i o n  res is tance was comparable 
o r  b e t t e r  than commercial f l u i d i z a b l e  aluminas. The sorbent needs t o  be tes ted  over 
a l a r g e  number o f  cycles (-100) t o  f u r t h e r  assess i t s  d u r a b i l i t y  under f l u i d i z i n g  
condi t ions.  

Crushing and screening of a dur-  
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Table 1. Propert ies o f  Sorbent T-2465M 

ZnO : 34.0% P e l l e t  dens i ty  : 2.57 /cm3 
Fez03 : 64.0% 

Shape : e l l i p s o i d a l  

Surface area : 4.6 m"g 
Benton i te  : 2.0% Pore volume : 0.2 cm /g  

S i z e  : 1/8 t o  3/8 inch  Mean pore diameter : 1958 1 
Crush s t rength  : 22.5 l b / p e l l e t  

Ca lc ina t ion  Temperature : 843OC (1550°F) A t t r i t i o n  res is tance : 95.4% 
Bulk Density : 1.44 g / c d  Theore t ica l  

s u l f u r  capac i ty  : 39 g/100 g 
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Table 2. Nominal Bench-Scale Test Cond i t ions  (Reactor 1.0. = 2.0-inch) 

Pressure (atm) 
Temperature ('C) 

Maximum 
I n l e t  
Average 

Gas compos i t ion  ( vo l .  %) 

Sul f i d a t  i o n  

15 

630 
600 
615 

I n l e t  O u t l e t  

9 13 
5 9 

19 15 
0.45 0.001 

Balance Balance 
16 12 

- -  

-- _ _  
35.0 

2.0 
6.2 
3.1 

Reqenerat ion 

15 

760 
675 

Not a p p l i c a b l e  

I n l e t  

-- 
-- 
-- 
-- 

98.0 

2.0 

32 .O 
1.8 
6 .1  
3.4 

-- 

*Based on average temperature f o r  s u l f i d a t i o n ;  i n l e t  temperature f o r  regenera t i on .  

Table 3. P a r t i c l e  S i ze  D i s t r i b u t i o n  (Weight %) and A t t r i t i o n  
Resistance (An) of  Fresh and Used T-2465M Sorbent - - 

Test 1 a f t e r  Test 2 a f t e r  
Fresh T-2465M 4 c y c l e s ,  10 cyc les  6 cyc les  10 cyc les  

Size (pm) 
9 9 7  0.00 0.02 
250 t o  297 13.46 8.27 
177 t o  250 44.87 43.36 
149 t o  177 10.43 12.03 
125 t o  149 24.07 17.48 
105 t o  125 7.16 13.06 
4 0 5  0.00 5.77 

AR 
Average s i z e  (pm) 192 181 

94.1 - -  

0.34 
4.59 

43.19 
11.63 
18.50 
14.53 

7.22 
171 
85.4 

0.79 0.08 
13.14 11.36 
37.42 37.81 
11.46 10.71 
18.47 19.58 
13.85 13.41 
4.87 7.04 

184 180 
-- 78.4 
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Figure 1. Bench-scale fluid-bed sorbent test facility, 
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Figure 2. Fluid-bed reactor. 
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1.30 Reactor I.D.: 2.0-inch - 
1.20 - 
1.10 - U,: 6.1 cmls 

UJUmt: -3.0 
1.00 - Inlet H,S: 4400 ppmv 

Inlet Gas: KRW 
0.90 Sorbent: T-2465 

Particle Size: 192 prn 
Size Range: -48 to +150 mesh 

Pressure: 15 atm 
Temperature: 615 "C 

- 

0 40 80 120 160 200 240 
Run Time (min) 

Figure 3. Effect of sorbent amount on H,S breakthrough profile. 
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Figure 4. Sulfur capacity at 500 ppmv HpS in outlet gas 
for Test 2 over 10 cycles (inlet H2S = 4400 ppmv). 
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